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(57) Abstract: The invention relates to an exhaustion agent, which is an aqueous emulsion of polymerized monomers, wherein 
> the monomers contain: (meth)aciylic acid (MAA); alkyl (meth)acrylate. such as methyl (meth)acrylate (MMA); and a substituted 
or unsubstituted styrene; and having an average particle size of the emulsified particles is less than about 220 nm. The figure is a 
three-dimensional graph of HPLC results obtained from a terpolymer used in a composition of the invention. 
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COMPOSITION AND METHOD FOR INCREASING . 
WATER AND OIL REPELLENCY OF TEXTILES AND CARPET 

5 BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The invention relates to compositions and methods for mcreasing the water and oil 
repellency of fibers in textiles, in particular in upholstery textiles, and in carpet and other 
floor coverings. More particularly, the invention relates to compositions containing 
10 terpolymers and fluorochemical compounds that impart strong water and oil repellency to 
textiles and carpet fibers, and that have good durability to shampooing or other cleaning 
processes. 

2. Description of Related Art 

Fluorinated carbon compounds have been used extensively to impart water and oil 

15 repellency to textile and carpet fibers. Part of their desirabiUty for this use stems fi"om 
their ability to provide both oil and water repellency simultaneously, unlike waxes, 
siUcones, etc., which typically provide water repellency, but are somewhat oleophilic, and 
thus do not provide good oil repellency. Fluorinated or perfluorinated alkyl compounds, 
when applied to fibers in sufficient amount, lower the surface tension of the fiber or fabric 

20 below the surface energy of water or oils that might be spilled onto the fabric. This allows 
these liquids to be removed before they can penetrate into the fabric or fiber. Obviously, 
this is of great benefit for fibers and fabrics that are used in residential, commercial, and 
industrial settings, since the usefiil life of the fabric or fibers is substantially increased, as 
is their aesthetic value. 

25 Fluorinated hydrocarbons have been predominantiy made by two methods. 

Electrofluorination has been used by 3M Corporation and by Dainippon Ink Chemicals to 
direcfly perfluorinate a sulfonated hydrocarbon with hydrofluoric acid, ultimately 
producing a perfluorinated sulfonamide. This method has fallen into disfavor for 
environmental and health reasons. Specifically, certain of the intermediates of this 

30 process have been found to be extremely bioaccumulative. 

Telomerization of tetrafluoroefhylene or other fluorinated monomers, used by 
Asahi Glass, Atochem, Daikin, DuPont, and Clariant, has been used to produce a range of 
fluoroalkyl products. The telomerization process is becoming a preferred technique for 
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producing fluorinated compounds because it does not implicate flie same environmental 
and health concerns as the electrofluorination process. 

Along with the increasmg popularity of fluorochemicals produced by 
telomerization, there has been an increasing desire to provide telomeric fluorochemical 
5 compositions that are highly exhaustible onto nylon and other fibers of carpets and 

textiles. This allows these compositions to be applied in an exhaust bath, such as during 
dyeing, prior to sale to consumers. This, in turn, reduces or eliminates the need for 
purchasers and mill workers to be exposed to aerosolized fluorochemicals, and avoids the 
need for the surfactants typically required for foam application. It also provides for better 
1 0 penetration of the fiber by the fluorochemical 

One method for exhaust application of fluorochemicals onto carpet fiber has been 
described in U.S. Patent No. 5,520,962, the entire contents of which are hereby 
incorporated by reference. In this patent, fluorochemicals are combined and applied with 

a particular type of stain-resist composition, which is described as "an anionic polymer 

» 

15 binding compound'' that is alleged to improve the performance of the fluorochemical, 
possibly by holding the fluorochemical to the surface of the fiber. However, even with 
the use of "anionic polymer binding compounds," the process disclosed in the *962 patent 
does not achieve the high exhaustion levels desired in the industry, and economically 
necessary in order to reduce waste of expensive fluorinated reagents. 

20 In addition, there is a need for compositions that are durable, at least in the sense 

that the treated fibers retain a significant portion of their repellency after shampooing. In 
particular, shampooing using conpononly available, off-the-shelf carpet or fabric 
shampoos, vMch are often highly alkaline, can cause drastic decreases in oil or water 
repellency, as the fluorine-containing film is washed off of the fibers or fabric along with 

25 the soil. The repellency system described in flie '962 patent does not achieve a 

fluoropolymer treatment having durability levels sufficient to withstand shampooings 
using alkaline carpet or textile cleaning shampoos. 

A composition or treatment method that meets both of these needs would decrease 
the aniount of fluorine that is consumed during the treatment process, significantly 

30 decreasing the cost of the fabric, fiber, or process. 
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Finally, there is a need to provide a fluorochemical composition that has the above 
properties, and is also storage stable, i.e., does not undergo gelation or phase-separation 
overtime. 

5 SUMMARY OF THE INVENTION 

This invention satisfies the needs described above by providing an exhaustion 
agent that can be incorporated into a stable, emulsion polymerized, repellency 
composition. This composition is highly exhaustible onto nylon and other fabrics, 
deposits a high level of fluorine onto the fibers, and is highly durable to shampooing or 
1 0 other cleaning treatments. 

In one embodiment, the invention relates to an exhaustion agent, which is an 
aqueous emulsion of polymerized monomers, wherein the monomers contain: 
(meth)acrylic acid (MAA); 

alkyl (meth)acrylate, such as methyl (meth)acrylate (MMA); and 
15 a substituted or unsubstituted styrene; 

and wherein the average particle size of the emulsified particles is less than about 220 imi. 
A stable emulsion that does not undergo phase separation or gelation, and that has the 
reqmsite particle size has not been described in the patents referenced herein. 

In another embodiment, the invention is a repellency enhancing composition 
20 containing a blend of a fluoropolymer, the exhaustion agent described above, and an 
optional hydrotrope. This composition has been found to provide theoretical or near 
theoretical exhaustion of fluorine onto fibers and fabrics, and the resulting oil and/or 
water repellency has been found to be excellent and very resistant to shampooing. 
In another embodiment of the invention, the composition contains the above- 
25 described terpolymer of an MAA component, an MMA component, and a styrene 

. component, but the terpolymer is prepared by emulsion polymerization in flie presence of 
the fluoropolymer. While not wishing to be bound by any flieoiy, it is believed that the 
terpolymer and fluoropolymer become associated , possibly by formation of an 
interpenetrating polymer network, and/or by other mechanisms, resulting in a high level 
30 of physical aflBnity of the terpolymer for the fluoropolymer, and conversely. Irrespective 
of mechanism, the combination of terpolymer exhaustion agent and fluoropolymer 
prepared in this manner are highly effective in exhausting theoretical or near theoretical 

3 
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levels of fluorine onto fibers or fabrics, and the resulting oil/water repellent materials 
have excellent durability to shampooing, as described above. 

In yet another embodiment of the invention, the composition contains a polymer 
prepared by polymerizing the monomers of the terpolymer, in the presence of a 
5 fluoromonomer. The resulting polymer exhausts fluorine onto the fiber or fabric without 
any need for interaction with a separate fluoropolymer, since a single polymer provides 
both exhaustibility and fluorine for repellency. 

The compositions of the invention provide stable fluorochemical emulsions that 
are highly exhaustible onto fibers and fabrics, in some cases achieving exhaustion levels 
10 of 95% to 100% of theoretical, and providing a high level of fluorine on the fiber surface, 
and thus providing excellent water and oil repellency. The resulting oil and water 
repellency provided by these compounds continues after shampooing, even with alkaline 
carpet or upholstery shampoos. 

15 BRIEF DESCRIPTION OF DRAWING 

FIG. 1 is a three-dimensional gmph of HPLC results obtained firom a terpolymer 
used in a composition of the invention. 

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS 
20 The exhaust agents and compositions of the invention can be used with a number 

of different fibers and fabrics prepared fi'om the fibers. Suitable fibers include those 
extruded from synthetic materials mclude polyamides, such as nylon 6 and nylon 6,6, 
polyolefins, such as polypropylene, and polyesters, as well as natural fibers, such as wool 
or cotton. 

25 The exhaust agents of the invention are generally in the form of emulsions, and 

generally have been prepared by an emulsion polymerization of an MAA component, an 
MMA component, and a styrene component. Either methacrylic acid or acrylic acid, or 
mixtures thereof, may be used as the MAA component Sunilarly, mefliyl, ethyl, propyl, 
and other esters of methacrylic or acrylic acid, and mixtures thereof, may be used as the 

30 MMA component. The styrene component may be styrene per se, or may be styrene 
substituted with, e.g. sulfonate, phosphonate, carboxylate or hydrocarbyl groups. 
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Methacrylic acid, methyl methacrylate, and unsubstituted styrene have been found to 
perfonn well when emulsion polymerized to form the exhaustion agent 

The MAA component is generally present in an amount ranging between about 20 
wt% and aboiit 80 wt%, more particularly about 30 wt% to about 80 wt%, based on the 
5 total polymerized monomers in the polymerization mixture. The styrene component is 
generally present in an amount ranging from about 20 wt% to about 80 wt%, more 
particularly, from about 20 wt% to about 60 wt%, based on the total polymerized 
monomers in the polymerization mixture. The MMA component is generally present in 
an amount ranging frora about 5 wt% to about 80 wt%, more particularly from about 5 
10 wt% to about 30 wt%, based on the total polymerized monomers in the polymerization 
mixture. 

In addition to the three monomers described above, the reaction mixture can 
typically contain emulsifying agents, such as Biosoft D-40, in amounts ranging from 
about 0.1 wt% to 1.0 wt%, based on the total reaction weight ; chelating agents, such as 

15 EDTA, Versene 100, etc., present in amounts ranging from about 0.01 wt% to about 0.05 
wt%, based on the total reaction weight ; a redox activator, such as ferrous sulfate, present 
in amounts ranging from about 0.01 wt% to about 0.05 wt %, based on the total reaction 
weight ; oxidizing agents, such as ammonium persulfate (AMPS) and dibenzoyl peroxide, 
present in amounts ranging from about 0.01 wt% to aboiit 0.20 wt% ,based on the total 

20 reaction weight ; reducing agents such as sodium hydrosulfite and sodium metabisulfite 
(SMBS) present m amounts ranging from about 0.01 wt% to about 0.20 vrt%, based on 
the total reaction weight . 

The jmonomers described above are emulsion polymerized in the presence of an 
emulsifying agent, such as Biosoft D-40, and redox initiators, such as AMPS and SMBS. 

25 Typically, the monomers are combined with water under agitation and, desirably, 

nitrogen sparging, along with the emulsifying agent, an optional chelating agent, such as 
EDTA, a reducing agent such as sodium hydrosulfite, and an optional redox activator 
such as ferrous sulfate. Free radical initiators, such as benzoyl peroxide may also be 
added, but are not strictly necessary. The redox initiators are added, typically as aqueous 

30 solutions, and an exothermic reaction proceeds, which generally raises tiiie temperature of 
the reaction mixture from room temperature to 40-50 "C. Cooling can be used to control 
the exotherm, but is not strictly necessary. The reaction is generally allowed to proceed 
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for several hours until monomer conversion is complete, and can be quenched of excess 
reducing agent by addition of hydrogen peroxide. It has generally been found to be 
desirable to add all the emulsifying agent with the monomers, and to add additional water 
to the reaction mixture, as this can prevent the mixture from becoming too viscous, and 
5 provides a more desirable particle size. It is also desirable to add the redox initiators in 
solutions having concentrations ranging from about 10 g/1 to about 400 g/1, and to add 
them gradually, or in several portions over the course of the reaction. 

The emulsion polymerization typically produces emulsions having solids contents 
ranging from about 10 wt% to about 20 wt%, more particularly from about 1 1 wt% to 
10 about 18 wt%, more particularly from about 12-13 wt%. The emulsions typically have an 
average particle size that is less than about 220 nm, more particularly ranging from about 
100 nm to about 200 nm, typically having a standard deviation ranging from about 40 nm 
to about 70 nm, more particularly from about 45 nm to about 55 nm. 

The emulsion polymer formed by this process provides an exhaustion agent that 
1 5 substantially increases the level of exhaustion of fluoropolymers onto fabrics and fibers, 
yielding increased efficiency, decreased cost (since smaller amounts of e3q)ensive 
£luoropolym.ers are required to get the same level of oil and water repellency), and 
increased durability of repellency, as shown in more, detail below. 

The exhaustion agent described above can be blended with fluoropolymers 
20 prepared either by electrofluorination or by telomerization, but have been found to be 
particularly suitable for use with telomerized fluoropolymers. Any telomerized 
fluoropolymers can be combined with the exhaust agent to form an exhaustible 
composition according to the invention, including those produced by Asahi Glass, 
Atochem, Daikin, such as Daikin 3310 or 3311, Dupont, such as Dupont Tufcoat 
25 (Anionic), and Clariant, such as the NUVA fluoropolymers, such as NUVA CPA, NUVA 
5006, and Peach State Labs, such as Myafax WS. 

The exhaustion agent and fluoropolymer can also be desirably combined with a 
. hydrotrope, such as a solution of dodecyldiphenyloxide disulfonic acid, e.g. a 40 wt% 
solution obtained by diluting DB A-70 (70 wt% dodecyldiphenyloxide disulfonic acid), 
30 Pilot Corporation, with water. This helps the fluoropolymer and exhaustion agent to form 
a stable emulsion that does not undergo phase separation or gelation over time. 
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Desirably, these components are combined faito an aqueous solution by blending 
them with water to form a suspension having a solids content ranging from about 10 wt% 
to about 20 wt%. 

The resulting blended exhaustible composition can be applied as a composition 
5 having from about 0.7 g/1 to about 6.0 g/1 of the exhaustion agent, and about 0.5 g/1 to 
about 1 .5 g/1 of fluoropolymer to fibers and/or fabrics at a rate ranging from about 10 % 
to about 450 % wet pick up. The fibers or fabrics may be dyed or otherwise treated, and 
are immersed in the exhaustible composition at a temperature ranging from about 20 to 
about 100 °C. The fabrics are thoroughly soaked with the exhaustible composition at a 

10 pH of about 2-4 (the pH of the solution can be adjusted using, e.g., urea sulfate or urea 
hydrochloride, as well as other known pH adjusting agents), and desirably steamed for 
about 0.5 to about 2.0 minutes, rinsed, extracted (so that excess liquid is removed from 
the fiber or fabric), and dried at a temperature ranging from 80 to about 130**C. The 
treatment may be conducted in the dyebath, or as a separate process step occurring prior 

15 to or after drying. 

The exhaustible composition has, as one embodiment, the blend described above. 
In another embodiment, the polymerization of the MAA, styrene, and MMA components 
can be conducted in the presence of the fluoropolymer, which is added to the reaction 
mixture prior to polymerization. Desirably, the fluoropolymer is added to the reaction 

20 mixture prior to the addition of redox initiators. Any of the fluoropolymers described 
above for use in the blended exhaustible composition can be used in this embodiment, 
and the amounts added are similar to tiiose described above with respect to the blended 
exhaustible composition. Myafax WS (fluoropolymer. Peach State Labs) has specifically 
been found to be suitable. Other than adding fluoropolymer to the reaction mixture prior 

25 to initiator addition, this embodiment does not require any significant departure from the 
procedure described above for the blended composition. While not wishing to be bound 
by any theories, it is believed tiiat the polymerization of the MAA, styrene, arid MMA 
components hi the presence of fluoropolymer results in a close association of these 
materials, such as in an interpenetrating polymer network (IPN) or other association. 

30 This association is believed to contribute to the near theoretical exhaustion of 
fluoropolymer onto the fibers or fabrics. 
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The methods of applying these compositions to fabrics or fibers does not depart 
significantly firom that disclosed herein for the blended exhaustible compositions. 

In yet another embodiment of the mvention, the MAA, styrene, and MMA 
components of the emulsion polymer can be polymerized in the presence of 
5 fluoromonomer. While virtually any fluoromonomer can be used, those having a 
perfluoroalkyl moiety, a iinldng moiety (such as a carboalkoxy group), and a film 
forming moiety (such as an unsaturated hydrocarbyl group) have been found to be 
particularly smtable. Examples of suitable fluoroinonomers include those produced by 
Clariant under the Fluovy^et EI, Fluovs^et EA, Fluowet ET, Fluowet AC, and Fluowet MA 
10 tradenames. Fluowet MA 812, which has the telomer distribution shown below, has been 
found to be particularly suitable. 



2RrC2H40COC(CH3)=CH2 


>90.0 


ERfC4H80COC(CH3)=CH2 


<3.0 


2RFC2H4OH 


<3.0 


C6Fi3C2H40COC(CH3)=CH2 


<5.0 


C8Fi7C2H40COC(CH3)=CH2 


50-60 


CioF2iC2H40COC(CH3)=CH2 


20-28 


>C,2F25C2H40COC(CH3)=CH2 


8-15 



In polymerizing the components of this reaction mixture, no significant departures 
are necessary from the general procedure described above with respect to preparing the 

IS exhaustion agent for the blended exhaustible composition, other than adding the 

fluoromonomer to the reaction mixture, desirably before addition of the redox initiators. 
Generally, the fluoromonomer is added in amounts ranging from about 15 wt% to about 
70 wt%, based on polymer solids. 

Similarly, application rates and mefliods do not differ significantly firom the 

20 general procedures described above. While not wishing to be bound by any theory, it is 
believed that the fluoromonomers become closely associated with the polymer forming 
tiie exhaustion agent, ei&er through incorporation into the polymer chain, or by some 
other mechanism, resulting in extremely high, near theoretical, exhaustion of fluorine • 
onto the fibers or fabrics. 

25 EXAMPLES 

In the ^camples below (vs^ch merely illustrative, and are not intended to limit the 
scope of the claimed invention), oil and water repellency of various compositions is 

8 
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evaluated using a Dupont ZEPEL/TEFLON Specification Test Kit. This technique, 
recognized in the art, evaluates the repellency of a material to liquids that are 
progressively more "wetting." The contact angle of the liquid is measured after 30 
seconds (oil) or 10 seconds (water), and a score assigned based whether the liquid wets 
5 the material. For example, a material that is wetted by n-tetradecane but not by n- 

hexadecane would be rated "3" for oil repellency. The ratings and liquids are set forth in 
the tables below, along with the surface tensions of some of the Uquids. The surface 
tension of pure water is about 72 dyne/cm, and that of pure isopropanol is about 22 
dyne/cm, so the surface tensions of mixtures .used in the water repellency tests will be 
10 between these values. 



Oil rating number 


Liquid 


Surface Tension (dyne/cm) 


1 


Nujol/Kaydol 


32 


2 


65/35 Nujol/n-hexadecane 




3 


n-hexadecane 


27 


4 


n-tetradecane 


26 


5 


n-dodecane 


25 



Water rating number 


Liquid 


1 


2% aq. Isopropanol 


2 


5% aq. Isopropanol 


3 


1 0% aq. Isopropanol 


4 


20% aq. Isopropanol 


5 


30% aq. Isopropanol 



EXAMPLE 1 

An emulsion polymer was prepared by combining 137 g MAA, 53 g styrene, and 1 

15 g MMA in 8 1 9.7 cc deionized water, 63 g Biosoft D-40 (sodium 

dodecylbenzenesulfonate) at a temperature of 21 °C. To this mixture were added 6 g 
ammonium persulfate (AMPS, 25% solution) and 4 g sodium metabisulfate (SMBS, 20% 
solution), in aUquots over the furst 30 minutes of reaction tune. An additional 3 g AMPS 
and 2 g SMBS were added after about another 1 5 minutes of reaction time, and about 0.2 

20 g ferrous sulfate was added shortly thereafter. An exotherm was noted, and mixture was 
reacted for about 1 hour reaction time, and allowed to cool. The result was a very viscous 
liquid having a solids content of about 1 8.6%. 
EXAMPLE2 
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60 parts-by-weight of the liquid of Example 1 was combined with 25 pbw water, 
13 pbw Daikin 3310 (Daikin, fluoropolymer), and 2 pbw of a 40% solids content solution 
of dodecyldiphenyloxide disulfonic acid (obtained by diluting DB A-70, Pilot 
Corporation, with water). The result was a stable emulsion that did not imdergo gelation 
5 or phase separation. 
EXAMPLES 

60 parts-by-weight of the liquid of Example 1 was combined with 25 pbw water, 
13 pbw Daikin 33 1 1 (Daikin, fluoropolymer), and 2 pbw of a 40% solids content solution 
of dodecyldiphenyloxide disulfonic acid (obtained by diluting DBA-70, Pilot 
10 Corporation, with water). The result was a stable emulsion that did not undergo gelation 
or phase separation. 
EXAMPLE4 

60 parts-by-weight of the liquid of Example 1 was combined with 24 pbw water, 
13 pbwNuva CPA (Clariant, fluoropolymer), and 3 pbw of a 40% solids content solution 
15 of dodecyldiphenyloxide disulfonic acid (obtained by diluting DB A-70, Pilot 

Coiporation, vn&i water). The result was a stable emulsion that did not undergo gelation 

or phase separation. 

EXAMPLES 

60 parts-by- weight of the liquid of Example 1 was combined with 19 pbw water, 
20 15 pbw Tufcoat Anionic (DuPont, fluoropolymer), and 6 pbw of a 40% solids content 
solution of dodecyldiphenyloxide disulfonic acid (obtained by diluting DBA-70, Pilot 
Corporation, with water). The result was a stable emulsion that did not undergo gelation 
or phase separation. 
EXAMPLE6 

25 60 parts-by-weight of the liquid of Example 1 was combined with 23 pbw water, 

13 pbw Nuva 5006 (Clariant, fluoropolymer), and 4 pbw of a 40% solids content solution 
of dodecyldiphenyloxide disulfonic acid (obtained by diluting DB A-70, Pilot 
Corporation, with water). The result was a stable emulsion that did not undeigo gelation 
or phase separation. 

30 EXAMPLE 7 

2.1920 kg MAA were combined.with 848.0 g styrene, 160.0 g MMA, 100.8 g 
Biosofl: D-40, and 1 1 .782 kg deionized water, with agitation. 69.0 g AMPS and 46.0 g 
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SMBS were added after 30 minutes. 1 .6 g FeSQ in 683 g water was added after 45 
minutes under high agitation. The mixture formed a thick, paste-like mass (coagulum), 
which became less viscous on ftjrther agitation. 
EXAMPLE 8 

5 382.4 g tap water was combined with 2.0 g. Biosoft D-40, 0.2 g Versene 100, 68.5 

g MAA, 26.5 g styrene, 5.0 g MMA, 0.1 g benzoyl peroxide, and 0.1 g FeSQ»7H20 at 
24 °C with agitation and under nitrogen sparging. N2 sparging was discontinued after 
thirty mmutes, and 0.2 g sodium hydrosulfite was added (in 5.8 g water). At 1.5 hours, 
0.2 g AMPS (in 5.8 g water) was added. After 1 hour, 50 minutes, 0.2 g AMPS, 0.2 g 

1 0 SMBS, and 0. 1 g FeS04»7H20, each (in 5.8 g water) were added. After 2 hours reaction 
tune, an additional 1 g Biosoft D40 was added. By 3 hours, the mixture had cooled from 
a high temperature of 45 °C to 25 °C, and was a thick liquid. It was diluted with 250 g 
water to provide an emulsion having a solids content of 12.5 wt%, a pH of 3,05, a 
viscosity of 40 cps (21 "C, #1 spindle viscomieter @ 30 rpm), and an average particle si2« 

15 of 1 84 mn (Coulter N4 MD submicron particle size analyzer). 
EXAMPLE 9 

991.0 g water was combined with 5.2 g Biosoft D-40, 0.6 g Versene 100, 177.6 g 
MAA, 68.6 g styrene, 13.0 g MMA, 0.4 g benzoyl peroxide, and 0.4 g FeS04»7IiO (in 
9.6 g water) imder agitation and N2 sparging. After 30 minutes, 0.5 g sodium hydrosulfite 

20 (in 9.5 g water) was added, and N2 sparging discontinued. After 40 minutes, 0.6 g AMPS 
(in 9.4 g water) was added. After 1 hour, 10 minutes, another 0,4 g FeS04»7H20 (in 9.6 
g water) was added, followed by 0.6 g SMBS (in 94 g water) and another 0.6 g AMPS 
(in 9.4 g water). At 1 hour, 15 minutes, 370.2 g water was added, then another 2.6 g 
Biosoft D-40, then another 370.2 g water. The resulting emulsion contained 12.0 wt% 

25 solids (93 % of theoretical), had a viscosity of 14 cps (24 "C, #1 spindle, 30 rpm), and a 
particle size of 1 74 nm. 
EXAMPLE 10 

382.4 g tap water was combined with 2.0 g. Biosoft D-40, 0.2 g Versene 100, 68.5 
g MAA, 26.5 g styrene, 5.0 g MMA, 0.1 g benzoyl peroxide, and 0.1 g FeSQ»7H20 at 
30 24 with agitation and under nitrogen sparging. N2 sparging was discontinued after 
thirty minutes, and 0. 1 g sodium hydrosulfite was added ui 5 .8 g water. At 1 hour, 
another O.I g sodium hydrosulfite was added in 5.8 g water. At 1 hour, 10 minutes, 0.2 g 
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AMPS in 5.8 g.water was added. After 1 hour, 30 riimutes, 0.2 g AMPS, 0.2 g SMBS, 
each in 5.8 g water, were added After 1 hour, 50 minutes, 0.1 g FeS04«7H20 (in 5.8 g 
water) was added. After 2 hours 10 minutes reaction time, an additional I g Biosoft D-40 
in 161 g water was added. By 2 hours, 45 minutes, the mixture had cooled from a high 
5 temperature of 42 °C to 30 "^C, when 'I ml of hydrogen peroxide was added to quench any 
SMBS. It was an emulsion having a solids content of 15.5 wt%, and an averse particle 
size of 154 nm. 
EXAMPLE 11 

10.949 kg tap water was combined with 70.4 g Biosoft I>40, 4.0 g Versene 100, 

10 1.603 kg MAA, 620.8 g styrene, 1 16.8 g MMA, 3.2 g benzoyl peroxide, and 3.2 g 
FeS04»7H20 (dissolved in water) under agitation, with N2 sparging at 19 ^. After 30 
minutes, 4.8 g sodium hydrosulfite (dissolved in water) was added. After 40 minutes, 4.8 
g AMPS (dissolved in water) was added. After 1 hour, 10 minutes, 1.6 g FeS04«7IiO 
(dissolved in water) was added, followed by 2A g AMPS, also dissolved in water. At 1 

15 hour, 50 minutes, an additional 2.4 g AMPS and 2.4 g SMBS were added, both dissolved 
in water. 5.5 1 kg water was added, to provide a suspension having 12.3 wt% solids and 
an average particle size of 124 nm. 
EXAMPLE 12 . 

11.55 kg water, 71 g Biosoft D-40, 4 g Versene 100, 1.603 kg MAA, 621 g 

20 styrene, 1 17 g MMA, 3.2 g benzoyl peroxide, and 3.2 g FeS04*7HO were combined (the 
styrene, MMA, and benzoyl peroxide were added together) at 21 *C with agitation (138 
RPM) under N2 spargmg. After 30 mmutes, 4.8 g sodium hydrosulfite dissolved inSO g 
water was added, and 4.8 g AMPS dissolved in 50 g water was added 10 minutes after the 
AMPS. After 1 hour, 10 minutes, 1.6 g FeSQ»7H20 dissolved in 50 g water was added. 

25 5 minutes later, 2.4 g AMPS dissolved in 50 g water was added. After 1 hour 40 minutes, 
an additional 2.4 g AMPS dissolved in 50 g water and 2.4 g SMBS dissolved in 50 g 
water were added. At 1 hour 50 minutes, 1.525 kg water was added, and at 2 hours, 20 
n^nutes, an additional 3.744 kg water was added. The resulting emulsion hada solids 
content of 1 1 .8 \yt% and an average particle size of 130 nm. 

30 EXAMPLE 13 

10.948 kg water, 71 g Biosoft D-40, 4 g Versene 100, 1.603 kg MAA, 621 g 
styrene, 117 MMA, and 3.2 g FeSQ|»7H20 in 100 g water were combmed at 18 ^'C under 
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agitation (150 RPM) with N2 sparging. After 30 minutes, 4.8 g sodium hydrosulfite in 50 
g water were added, and sparging discontinued. After 40 minutes, 4.8 g AMPS in 50 g 
water were added. After 1 hour, 10 minutes, 1.6 g FeS04»7H20 in 50 g water were 
added, followed by 2.4 g AMPS in 50 g water. After 1 hour, 40 minutes, 2.007 kg water 
5 were added, followed by 2.4 g AMPS in 50 g water, and 2.4 g SMBS in 50 g water. After 
2 hours, 20 minutes, another 3.739 kg water was added. The resulting emulsion had a 
solids content of 12.5 wt% and an average particle size of 127 nm, A three-dimensional 
graph of the HPLC absorbance is shown in FIG, 1 . 
EXAMPLE 14 

10 356,9 g water, 2.4 g Biosoft D-40, 0.1 g Versene 100, 22.9 g MAA, 49.6 g 

styrene, 3.8 g MMA, and 0.1 g FeS04«7H20 m 3.3 g water were combined with agitation 
imder N2 sparging. After about 30 minutes, 0.2 g sodium hydrosulfite in 1.6 g water was 
added, followed by 0.2 g AMPS in 1 .6 g water. The agitation was increased, and after 1 
hour 10 minutes, 0.05 g FeSQj»7H20 in 1.6 g water was added, followed by 0.1 g AMPS 

15 in 1.6 g water. After 1 hour, 50 minutes, 65.4 g water was added, followed by 0.1 g 

AMPS in 1.6 g water and 0.1 g SMBS in 1.6 g water at 2 hours. After 2.75 hours, anotiier 
85.1 g water was added. The reaction was stopped by adding 2.0 g hydrogen peroxide at 
3.25 hours. The resulting emulsion had a solids content of 12.5 wt% and an average 
particle size of 196 nm. 

20 EXAMPLE 15 

356.9 g water, 2.4 g Biosoft D40, 0. 1 g Versene 100, 15.3 g MAA, 61 .0 g MMA, 
and 0.1 g FeSQi^THaO in 1 .6 g water were combined at 20 °C under agitation and H 
sparging. After 30 minutes, 0.2 g sodium hydrosulfite in 1 .6 g water was added and 
sparging discontinued.. This was followed by 0.2 g AMPS in 1.6 g water. After about 53 

25 minutes of reaction tune, 65.4 g water was added, followed by another 85.1 g water at 1 
hour, 5 mimxtes. At 1.25 hours, two aliquots of 0.1 g AMPS in 1.6 g water were added, 
along with 0. 1 g SMBS in 1 .6 g water. At 1 .75 hours, 2.0 g hydrogen peroxide were 
added to stop the reaction. The resulting emulsion had a particle size of 388 nm and a 
solids content of 12.4 wt%. 

30 EXAMPLE 16 

507.4 g water, 2.4 g Biosoft D40, 0.1 g Versene 100, 61.0 g MAA, 15.3 g MMA, 
and 0.1 g FeS04«7H20 in 3.2 g water were combined at 21 °C under agitation and H 
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sparging. After 30 minutes, 0.2 g sodium hydrosulfite in 1.6 g water was added, followed 
by 0.3 g AMPS in 3.2 g water. After 1 hour, 10 minutes reaction time, 0.1 g AMPS in 1.6 
g water and 0. 1 g SMBS in 1 .6 g water were added. The resulting emulsion had a particle 
size of 21 1 nm and a solids content of 12.7 wt%. 
EXAMPLE 17 

The emulsions of Examples 13, 14, 15, and 16 were formulated with Daikin 3310 
fluoropolymer to form the blends indicated below and applied to a BASF Type 6 nylon 
tube that had been mock dyed by applying a 2 g/1 solution of Isotac ACD at pH 6.0 at a 
rate of 350 % wet pick up, steaming the tube for 3 min. in a vertical steamer,- rinsing, 
extracting excess liquid to 80 % wet pick up. The blends were applied as 5 g/1 sdutions 
at 350 % wet pick up at pH 2.3 (maintained by adding urea sulfate as a pH adjuster), aiid 
the tubes were steamed for 45 sec in a vertical steamer, rinsed, extracted, and dried at 190 
T until dry. A piece of each tube was then tested for oil and water repellency using the 
DuPont ZBPEL/TEFLON Specification Test Kit, and for fluorine content using tiie 
combustion method (DuPont TM 0371-86). The remaining portion of the tube was then 
shampooed at 160 for 1 mm. at a 10:1 liquor ratio iii a 16.0 g/1 solution of RUG 
DOCTOR Steam Cleaning Solution, rinsed, extracted, and dried. A piece of this 
shampooed tube was also tested for oil and water repellency and fluoruie content using 
the test methods described above. The results are provided in the Table below. The 
theoretical ppm fluorine for 100% exhaustion of the emulsions tested is 240 ppm. 
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EXAMPLE 18 

1 1 1 .72 g deionized water, 120 g of 40 wt% sodium xylene sulfonate aqueous 
solution (SXS), 2.52 g Biosoft 0-40, 100 g Myafax WS fluoropolymer, 41.10 g MAA, 
15.9 g styrene, and 3.0 g MMA were combined under agitation at 23 "C. 3.5 g AMPS 
and 2.3 gSMBS were added, followed by 0.20 gFeSQ*7H20. The temperature of the 
mixture began to increase, and the viscosity increased as well, but then decreased. After 
about 3.5 hours of reaction time, the resulting emulsion was tested by applying (at a rate 
of 350% wet pick up) a 9 g/l solution to a BASF Type 6 nylon sock, steamed for 45 s in a 
vertical steamer, rinsed, extracted, and dried, and showed good water repellency (5) when 
tested using a DuPont ZEPEL/TEFLON Specification Test Kit. 
EXAMPLE 19 

150 g of 40 wt% SXS, 3,15 g Biosoft D-40, 125 g Myafex WS fluoropolymer, 
34.25 g MAA, 13.25 g styrene, 2.50 g MMA, and 170.85 g deionized water were 
combmed at 21 °C under agitation. 0.50 g AMPS and 0.50 g SMBS, followed by 0.18 g 
FeS04»7H20 were added. The emulsion was reacted for about 2.25 hours. The resulting 
product had a fluorine content of 2.05 %. A 7 g/l solution was applied to a BASF Type 6 
nylon sock at 350% wet pick up, steamed for 45 seconds in a vertical steamer, rinsed, 
extracted, and dried. It showed good water repellency (5) and good oil repellency (4) 
vAien tested usmg a DuPont ZEPEL/TEFLON Specification Test Kit The exhausted 
fluorine on the fabric was 485 ppm out of 502 ppm theoretical. 
EXAMPLE 20 

35.0 g MAA, 1 0.0 g styrene, 5 .0 g MMA, 50.0 Fluowet MAS 12 (Clariant 
fluoromonomer), 2.0 g Biosoft D-40, 382.4 g tap water, 0.2 g Versene 100, 0.2 g 
FeS04»7H20 m 5.8 g water, 0.1 g benzoyl peroxide, and an additional 1.0 g Biosoft D-40 
were combined at 20 °C under agitation and N2 sparging. After 30 minutes, sparging was 
discontinued and 0.4 g sodium hydrosulfite in 1 1.6 g water was added, followed by 0.28 g 
AMPS in 5.8 g water. After 1 hour, 10 minutes, another 0.2 g AMPS in 5.8 g water and 
0.2 g SMBS in 5.8 g water were added, along with another 100 g water. After 1 .5 hours, 
60.0 g water and 1 g hydrogen peroxide were added. The resulting emulsion had a 
fluorine content of 4.6 %, and was applied as a 3 g/l solution to a BASF Type 6 nylon 
sock at 350% wet pick up. The sock material was steamed, rinsed, extracted, and dried. 
Testing using a usmg a DuPont ZEPEL/TEFLON Specification Test Kit gave good water 
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repellency (5) and good oil repellency (5). The exhausted fluorine on the fabric was 475 
ppm out of 483 ppm theoretical. 
COMPARATIVE EXAMPLE 1 

The procedure followed is that described in part A of Example 1 of U.S. Patent 
No. 4,08 1,383 (the entire contents of which patent are hereby incorporated by reference). 



The following components were mixed under agitation: 



COMPONENT 


PARTS BY WEIGHT 


Water 


385.11 


Biosoft D-40 (sodium 
dodecylbenzenesulfonate) 


1.85 


Versene 100 (sodium salt of EDTA) 


0.19 


Styrene 


26.5 


Methylmethacrylate 


5.0 


Methacrylic acid 


68.5 


DIBPH 

(diisopropylbenzenehydropraroxide) 


0.10 


FeS04«7H20 


0.10 



A nitrogen blanket was started, and 0.05 parts sodiimi sulfoxylateformaldehyde was 
added (in 5.75 parts water). The mixture was allowed to react for about 1 hour, during 
which time the.temperature rose from about 19°C to about 36°C. An additional 0.10 parts 
DIBHP and 0.05 parts sodium sulfoxylateformaldehyde (in 5.75 parts water) were added. 
. At this point, the viscosity of the mixture increased to that of a viscous mass, so that little 
or no mixing was imparted by the agitation. At about 1.5 hours of reaction time, an 
additional 0.94 parts Biosofl D-40 were added , and the reaction continued for another 0.5 
hour. The resulting material had a solids content of 19.5, a viscosity of about 1400 cps 
and a particle size (determined on a Coulter N4 MD submicron particle size analyzer) of 
243 nm. 
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1 . An exhaustion agent, comprising an aqueous emulsion of polymerized monomers, 
wherein the monomers comprise: 

(meth)acrylic acid; 
alkyl (meth)acrylate; and 
a substituted or unsubstituted styrene; 
and wherein the average particle size of the emulsified particles is less than about 220 nm. 

2. The exhaustion agent of claim 1 , wherein the polymerized monomers comprise 
about 20 wt% to about 80 wt% (meth)acrylic acid. 

3. The exhaustion agent of claim 2, wherein the polymerized monomers comprise 
about 30 wt% to about 80 wt% (meth)acrylic acid. 

4. The exhaustion agent of claim 1 , wherein the polymerized monomers comprise 
about 5 wt% to about 80 wt% alkyl (meth)aciylate. 

5. The exhaustion agent of claim 1 , wiierein the average particle size of the 
emuIsUSed particles is less than about 215 nm. 

6. The exhaustion agent of claim 5, wherein 4e average particle size of the 
emulsified particles is less than about 210 nm. 

7. The exhaustion agent of claim 6, wherein the average particle size of the 
emulsified piarticles is between about 100 nm and about 210 nm. 

8. The exhaustion agent of claim 1 , wherein the monomers further comprise a 
fLuorinated monomer. 

9. The exhaustion agent of claim 8, wherein the fluorinated monomer comprises a 
perfluoroalkyi moiety. 

10. The exhaustion agent of claim 9, wherein the fluorinated monomer further 
comprises a film forming moiety joined to the perfluoroalkyi moiety by alinking moiety. 

1 1 . The exhaustion agent of claim 1 0, \^erein the film formmg moiety comprises an 
unsaturated hydrocarbyl gcowp. 

12. The exfaaiistion agent of claim 1 1, wherein the linking moiety comprises a 
carbalkoxy group. 

13. The exhaustion agent of claim 1 , further comprising a fluoropolymer, and vsiierein 
the monomers have been polymerized in the presence of the fluoropolymer. 
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14. The exhaustion agent of claun 13, wherein the fluoropolymer forms an 
interpenetrating polymer network with flie polymerized monomers. 

15. A stable, exhaustible composition for treating fibers or febric to increase oil 
repellency, water repellency, or both, comprising a stable aqueous dispersion of: 

a fluoropolymer; 

an exhaust agent comprising an emulsion polymer of monomers comprising: 

(meth)acrylic acid; 

alkyl (meth)acrylate; and 

a substituted or imsubstituted styrene; 
and wherein the particles of the emulsion polymer have an average particle size 
less than about 220 nm; and 
an optional hydrotropic compound. 

16. The composition of claim IS, wherein the hydrotropic compound is an organic 
acid. 

17. The composition of claim 16, wherein the organic acid is an aromatic sulfonic 
acid. 

1 8 . The composition of claim 1 7, wherein the aromatic sulfonic acid is a 
dodecyldiphenyloxide disulfonic acid. 

19. The composition of claim 18, \;^erein the dodecyldiphenyloxide disulfonic acid is 
added as an aqueous solution having a solids content of about 40 wt% to about 70 wt%. 

20. A stable, exhaustible composition for treating fibers or fabric to increase oil 
repellency, water repellency, or both, comprising a stable aqueous dispersion of the 
exhaustion agent of claim 13. 

21 . A stable, exhaustible composition for treating fibers or &bric to increase oil 
repellency, water repellency, or both, comprising a stable aqueous dispersion of the 
exhaustion agent of claim 8. 

22. A metiiod of uicreasing oil repellency, water repellency, or both, of a fiber or 
fabric, comprising: 

contacting the fiber or fabric with an aqueous solution comprising: 
a fluoropolymer; 

an emulsion of polymerized monomers, wherein the monomers comprise: 
(meth)acrylic acid; 
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alkyl (meth)acrylate; and 
a substituted or unsubstituted styrene; 
and having an average particle size of the emulsified particles is less than 
about 220 nm; and 
an optional hydrotropic compound; 
exhausting the fluoropolymer onto the fiber or fabric. 
23. The method of claim 22, v^erein the average particle size of the emulsified 
particles is between about 100 nm and about 200 tmi. 
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